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157] ABSTRACT

A heterogeneous binding assay in which a liquid com-
ponent and a granular particulate solid phase are incu-
bated together for a predetermined period of time. To
prevent unwanted unit gravity sedimentation of the
granular particulate solid phase during incubation the
density of the liquid component is controlled such that
it is substantially equal to the density of the granular
particulate solid phase, thus preventing sedimentation.
The density may be controlled by adding a density
modifying medium such as a colloidal suspension of
silica particles coated with polyvinylpyrrolidine. After
incubation, the density of the liquid component may be
reduced allowing unit gravity sedimentation and hence
separation of the solid phase from the liquid component.
The assay is particularly applicable to immunoassay (for
example radioimmunoassay and immunoradiometric
assay). Immunoradiometric assays for human growth
hormone, thyroid stimulating hormone and alphafeto-
protein are described. |

4 Claims, 4 Drawing Figures
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HETEROGENEOUS BINDING ASSAY

This invention relates to a heterogeneous binding
assay in which a liquid component and a granular par-
ticulate solid phase are incubated together for a prede-
termined period of time. The invention relates espe-
cially to an immunometric assay and also relates to Kkits
for performing the heterogeneous binding assay of the
invention.

The basis of a binding assay is a binding interaction
between a molecule of analyte in a sample and a specHic
binding partner. An assay result is obtained by incubat-
ing the sample containing analyte with the specific bind-
ing partner for a predetermined period and determining
the amount of specific binding partner which has be-
come bound to analyte. In a heterogeneous binding
assay the determination is facilitated by physically sepa-
rating the components of the assay. This is achieved by
attaching a component of the assay to a sohid phase
which may be physically removed from the liquid com-
ponent of the assay, following incubation. A large num-
ber of variants of heterogeneous binding assays are
known, the most common being assays for antigenic
analytes which involve the use of antibody as a specific
binding partner. Examples of such assays are immunoas-
says such as radioimmunoassay (RIA) and immunomet-
ric assays such as immunoradiometric assay (IRMA). In
RIA a radiolabelled analogue of an antigenic analyte
competes in solution during incubation with the anti-
genic analyte for binding to antibody attached to a solid
phase. After a suitable predetermined incubation period
the solid phase is removed from the solution, is washed,
and the amount of radiolabel associated with the solid
phase is measured. This gives an inverse measure of the
amount of antigenic analyte in the sample. In IRMA a
similar protocol is followed except that a labelled anti-
body is used to provide a detectable signal. In a particu-
lar type of IRMA, commonly known as a “‘sandwich
assay”’, a solid phase is provided with an antibody capa-
ble of binding to a determinant of the antigenic analyte.
A second, labelled, antibody to another determinant of
the antigenic analyte is provided in a liquid component.

10

15

20

25

30

35

The solid phase and the liquid component are incubated 45

together with the sample suspected to contain analyte.
Any analyte present becomes attached to the sohd
phase and labelled antibody becomes attached to the
analyte. After incubation the solid phase 1s separated
from the liquid component and the amount of label
associated with the solid phase is measured, this giving
a direct indication of the amount of analyte present.

A number of different types of solid phase are avail-
able for use in heterogeneous binding assays. These
range from ‘“single particle” systems such as coated
tubes and beads, to finely divided particulate materials
such as microcrystalline cellulose or finely divided sil-
ica. The choice of a solid phase is governed by a number
of factors, including capacity for the binding agent
(connected with total surface area) and the convenience
of use of the solid phase. For example, finely divided
particulate materials have the advantage that they are
easy to dispense but the disadvantage that centrifuga-
tion is necessary to separate the solid phase from the
liquid component of the assay reagents. “Single parti-
cle” systems do not require centrifugation but suffer
from variability and insufficient capacity for binding
reagent.
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An intermediate-sized solid phase provides a compro-
mise between the two extreme solid phase systems re-
ferred to above. Such intermediate-sized solid phases
are referred to as “granular particulate solid phases”
herein and in general have a high binding reagent ca-
pacity and are of sufficient size and density to allow
separation under gravity (an acceleration of 1 g). Such
a separation is commonly referred to as unit gravity
sedimentation. (Wright, J. F. and Hunter, W. M. Immu-
noassays for Clinical Chemistry, pp 170-177, Churchill-
Livingstone 1983). A solid phase of this type does not
require centrifugation for separation and has a sufficient
binding reagent capacity to allow satisfactory assays to
be performed. By removing the need for centrifugation
to separate the solid phase from the liquid component of
the assay reagents after incubation, the assay protocol 1s
greatly simplified. In particular a density separation
technique such as is described in British patent specifi-
cation No.1566098 may be used in conjunction with a
granular particulate solid phase to provide a simple and
Inexpensive assay.

A remaining disadvantage of such an assay is how-
ever that the granular particulate solid phase settles
downwardly in the liquid component of the assay dur-
ing incubation. This significantly impairs the interaction
of the binding species, reducing both the sensitivity and
the accuracy of the assay. In using such an assay 1t is
therefore necessary continuously to agitate the mixture
of the granular particulate solid phase and the liquid
component of the assay reagents to ensure that the sohd
phase is kept in free suspension. In addition where the
solid phase is stored in a container as a suspension in a
liquid it is necessary to ensure that all the solid phase is
in suspension before use to avoid inaccurate dispensing.
The present invention provides a method for per-
forming heterogeneous binding assay using a granular
particulate solid phase, which does not require agitation

-during incubation. |

According to the present invention there is provided
a heterogeneous binding assay in which a liquid compo-
nent and a granular particulate solid phase are incubated
together for a predetermined period of time, character-
ised in that the density of the liquid component is main-
tained substantially equal to the density of the granular
particulate solid phase at least during the predetermined
period of time.

In this way settling of the granular particulate solid
phase under the influence of gravity is prevented or at
least substantially reduced. The term “substantially
equal” as used herein means that the density of the
liquid component is maintained equal to the density of
the granular particulate solid phase with sufficient accu-
racy to prevent substantial floating or sedimentation of
the granular particulate solid phase during incubation.
This removes the need for agitation of the assay compo-
nents during incubation with the resulting advantage
that the assay protocol is simplified and the need for an
agitator is removed.

The granular particulate solid phase comprises parti-
cles of a material, of a suitable size and density to allow
separation under gravity (unit gravity sedimentation)
from a normal incubation mixture in a reasonable time.
The granular particulate solid phase suitably separates
under gravity from a normal incubation mixture in from
5 to 30 minutes, most suitably from 5 to 15 minutes (for
example in about 20 minutes). Suitable granular particu-
late solid phases include porous particles such as dex-
tran, agarose and acrylamide polymers and copolymers
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or non-porous particles such as latex particles. Exam-
ples of suitable granular particulate solid phase particles
are Sepharose, Sephadex and Sephacryl. Sephacryl
particles are particularly preferred, especially Sephac-
ryl §-300. Sephacryl is a rigid gel prepared by cova-
lently cross-linking allyl dextran with N, N'-methylene
bisacrylamide. Particles of Sephacryl §-300 have diam-
eters in the range 40-105 um.

Preferably the density of the liquid component is

maintained substantially equal to the density of the
granular particulate solid phase by the addition of a

density modifying medium having a density greater
than the density of the granular particulate sohd phase.

Suitable density modifying media include non-toxic
high molecular weight materials which do not ad-
versely affect the components of the assay system and
which suitably provide a relatively low viscosity solu-
tion. The density modifying medium may comprise a
- solution of a sugar (for example sucrose), another carbo-
hydrate (for example, dextran or Ficoll--a high molec-
ular weight hydrophilic polymer of sucrose), or another
polymer (for example, polyvinylpyrrolidine). Where
the granular particulate solid phase is porous however
such density modifying media may be absorbed into the
granular particulate solid phase and affect its density. In
such cases an insoluble density modifying medium such
as a colloid is suitable. Preferably the density modifying
medium 1s a colloidal suspension of stlica particles
coated with polyvinylpyrrolidine. Such a suspension is
commercially available and is known as Percoll.

Preferably the granular particulate solid phase com-

prises an allyl dextran cross-linked with N,N’-methy-
lene bisacrylamide and the density modifying medium
comprises a colloidal suspension of silica particles
coated with polyvinylpyrrolidine.
- Inapreferred assay using Sephacryl S-300 as a granu-
lar particulate solid phase it has been found that the
mcorporation of a coloidal suspension of Percoll into
- the liquid component of the assay at about 40% (v/v)
raises the density of the liquid component sufficiently to
maintain the granular particulate solid phase in suspen-
sion for about 4 hours. This period is ample for most
assays. |

Following incubation for a predetermined period of
time it 1S necessary to separate the granular particulate
solid phase from the liquid component.

Preferably the density of the liquid component is
reduced upon expiry of the predetermined period of
‘time to allow the granular particulate solid phase to
separate under the influence of gravity by diluting the
liquid component and medium mixture with a liquid of
lower density than the liquid and medium mixture. Suit-
ably a diluent such as water or a buffer is added to the
hquid component and medium mixture, decreasing the
density of the mixture and allowing the granular partic-
ulate solid phase to separate under the influence of
gravity. Separation of the remainder of the liquid com-
ponent and medium mixture from the solid phase may
be completed by any suitable method, including centrif-
ugation. Preferably however the separation method
disclosed in British patent specification No.1566098 is
- used to separate the granular particulate solid phase
from the incubation mixture. For example, after incuba-
tion diluent may be added to the incubation mixture to
decrease the density of the mixture. A second liquid,
suttably a 10% sucrose solution is layered below the
“incubation mixture and the granular particulate solid
phase is separated under the influence of gravity into
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the second liquid. The use of such a separation tech-
nique advantageously obviates the need for centrifuga-
tion. In its preferred form therefore the invention pro-
vides a method for performing heterogeneous binding
assay which does not require agitation during incuba-
tion and further does not require centrifugation to sepa-
rate the solid phase from the liquid component.

The assay of the invention may be an immunoassay
such as an RIA or, preferably, an immunometric assay,

for example an IRMA. The label used in the assay may
be a radioactive label or any label known in the art, for

example fluorophores, chromophores, enzymes, chemi-
luminescent groups etc. The assay may be used for the
determination of a wide range of analytes in solution.
Such analytes may be of clinical and/or diagnostic im-
portance and include; hormones, (for example, thyroid
stimulating hormone (TSH), human growth hormone

- (hGH) follicle stimulating hormone (FSH) and luteinis-
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ing hormone (LH)), steroids and their metabolites (for
example, oestrogens and progestagens), diagnostic pro-
teins (for example, alphafoetoprotein (AFP)) and anti-
gens (for example, chlamydia and herpes virus anti-
gens).

The incubation time for a heterogeneous binding
assay is often a number of hours and represents a signifi-
cant disadvantage in the performance of such assays.

The essence of a heterogeneous binding assay is in the
provision of a binding partner attached to a solid phase
such that components of the assay may be removed
from solution by association with the binding partner
attached to the solid phase, which may be subsequently
removed from solution. This requires an association
between a solid phase and a liquid phase which as such
1s kinetically unfavourable, leading to a need for lengthy
incubation.

Preferably there is provided a heterogeneous binding
assay involving |

a solution containing components of the assay includ-
ing a binding partner to which biotin is covalently at-
tached and

a granular particulate solid phase to which avidin 1s
covalently attached,

the assay comprising the steps of;

incubating the solution components of the assay in
the absence of the granular particulate solid phase,

placing the incubated solution component in contact
with the granular particulate solid phase thereby allow-
ing association of avidin and biotin, and

separating the granular particulate solid phase from
the solution components.

An assay of this preferred type allows incubation of
the active assay components in solution to form bound
species and the rapid immobilisation of the species onto
the granular particulate solid phase. The preferred assay
1s particularly useful in the performance of immunomet-
ric assay of the sandwich type. In such an assay a la-

‘belled antibody, the sample suspected to contain analyte

and antibody to which is attached biotin, may be incu-
bated in solution. A ternary immunocomplex will be
formed with any analyte in solution. The immunocom-
plex may be attached to a granular particulate solid
phase to which is attached avidin, in a subsequent step,
by means of the biotin/avidin interaction. The amount
of label associated with the granular particulate solid
phase may then be measured. The assay method signifi-
cantly reduces the incubation period necessary in a
binding assay. This reduction in incubation time speeds
up the overall time necessary to perform a given assay



4,656,143

5

and in the case of assay involving unit gravity sedimen-
tation reduces the possibility of unwanted sedimenta-
tion during incubation.

In another aspect of the invention we provide a kit
for performing a heterogeneous binding assay of the
invention comprising one or more contatners of assay
reagents charactersied in that a density modifying me-
- dium is provided either in a separate container or in one
or more of the containers of assay reagents.

Preferably we provide a kit for performing an immu-
nometric assay for an antigenic analyte in a sample, the
kit comprising the following reagents;

a labelled antibody to the analyte,

an antibody to the analyte attached to a granular
particulate solid phase, and

a density-modifying medium,

the reagents being contained either separately or in
any combination in one or more contatners.

Preferably the kit comprises
a first container containing the antibody to the ana-

lyte attached to the granular particulate solid phase, in
- suspension in a liquid containing density-modifying
medium such that the density of the liquid 1s substan-
tially equal to the density of the granular particulate
solid phase,

a second container containing a labelled antibody to
analyte and a quantity of density-modifying medium,

such that when the reagents in the first and second
containers are mixed with the sample, the density of the
liquid component is substantially equal to the density of
the granular particulate solid phase. The inclusion of
density-modifying medium in the first container has the
advantage that the granular particulate solid phase is
held in a uniform suspension thus facilitating accurate
dispensing of the reagent.

Preferably the kit comprises the following reagents;

a labelled antibody to the analyte,

an antibody to the analyte to which biotin 1s cova-
lently attached,

a granular particulate solid phase to which avidin 1s
convalently attached, and |

a density-modifying medium,

the reagents being contained either separately or in
any combination in one or more containers.

Embodiments of the invention are now described
with reference to the following Examples. The Exam-
ples refer to the accompanying drawings in which:

FIG. 1 shows standard curves for an alphafetoprotein
immunoradiometric assay (curve (c) shows the result of
an assay performed in accordance with the present
invention; curves (a) and (b) show the result of compar-
ative experiments).

FIG. 2 shows standard curves for a double mono-
clonal antibody immunoradiometric assay for human
growth hormone (curve (b) shows the result of an assay
performed in accordance with the invention; curve (a)
shows the result of a comparative experiment).

FIG. 3 shows a correlation plot of the results of an
assay for human growth hormone performed in accor-
dance with the invention (Y axis) and a comparative
experiment (X axis), performed on clinical samples.

FIG. 4 shows standard curves for a double mono-
clonal antibody immunoradiometric assay for thyroid
stimulating hormone; (curve (b) shows the result of an
assay performed in accordance with the present inven-
tion; curve (a) is the result of a comparative experi-

ment).
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EXAMPLE 1

An experiment was conducted to determine the con-
centration of Percoll (Pharmacia, Product No. P1644)
high density medium required to maintain unmodified
Sephacryl S-300 (Pharmacia) solid phase support in
suspension during assay.

A number of assay tubes were made up containing
Sephacryl S-300 in 3% v/v Tween diluent (0.25 M
TRIS buffer, pH 8.5 containing 0.1% w/v sodium azide
3% v/v Tween 20 (BDH Chemical Co. Limited)), sepa-
rate tubes containing concentrations of commercial
Percoll suspension ranging from 37-45% v/v, in 1%
v/v steps. The contents of the tubes were shaken and
the tubes left to stand in a test tube rack. After 4 hours
the tubes were examined and it was found, in the tubes

“containing 39% v/v Percoll or less, that the Sephacryl

had sedimented under the action of gravity. In the tubes
containing 41% v/v Percoll or more, that the Sephacryl
floated. The Sephacryl was maintained in suspension in
the tube containing 40% Percoll.

These experiments indicated that a suitable concen-

" tration of Percoll for incubation of a mixture of Sephac-

ryl S-300 in a typical assay liquid component is about
40% v/v. | | |

EXAMPLE 2

A monoclonal/polyclonal antibody IRMA was in-
vestigated for the determination of alphfoetoprotein
(AFP). The measurement of this protein in serum and
amniotic fluid is used for detection of foetal abnormali-
ties during pregnancy. The experiment was intended to
show the differences between an assay conducted with
agitation during incubation and without agitation (com-
parative examples). A binding assay of the invention
was used to show the effect of density control during
incubation.

Assay tubes were prepared in quadruplicate using
standard solutions of AFP, of known concentration,
ranging from O up to 600 kU1—1and assayed by IRMA
procedures using in Example 2(a) (comparative exam-
ple)—agitation without high density medium during
incubation; in Example 2(b) (comparative example)—no
agitation and no high density medium during incuba-
tion; and in Example 2 (c)—high density medium
(HDM) and no agitation during incubation.

COMPARATIVE EXAMPLE 2(a)

Assay tubes were prepared in quadruplicate. 50 ul
aliquots of each of an AFP standard, a tracer, and a
solid phase reagent were pipetted into each assay tube
in turn. The AFP standards consisted of solutions of
AFP of known concentrations at 0 and in the range
from 0.16 to 600 kU/1 in 50% bovine serum as diluent
(0.25 M TRIS buffer, pH 8.5 containing 0.1% w/v
sodium azide + 50% bovine serum (Flow Laboratories,
Flow Bovine Serum No. 29053104)). The tracer com-
prised 125I-labelled monoclonal anti-AFP, AFP 144 (V
van Heyningen et al., Immunoassays for Clinical Chem-
istry, pages 509-515, published by Churchill Living-
stone 1983), at a concentration of 400 ng/ml in 3% v/v
sheep serum diluent (0.25 M TRIS bufter, pH 8.5, con-
taining 0.1% w/v sodium azide +3% v/v sheep
serum). The solid phase reagent comprised a suspension
in 3% v/v Tween diluent (0.25 M TRIS buffer, pH 8.5,
containing 0.1% w/v sodium azide + 3% v/v Tween 20
(BDH Chemical Co. Limited)) of 12.5% v/v of a settled
gel of unmodified Sephacryl S-300 (Pharmacia) having



7
8 mg/ml of goat anti-AFP gamma globulin (supplied by
the Scottish Antibody Production Umt, Edinburgh)
coupled to 1t.

After addition of the standard, tracer and solid phase
reagents the contents of the assay tubes were mixed by
vortex mixing, and the tubes were mcubated at room
temperature for 2 hours with constant agitation by

4,656,143

means of an orbital shaker (150 revs/min, diameter of .

orbit 1 cm). At completion of the incubation, 1.5 m] of

- wash buffer (0.25 M TRIS buffer, pH 8.5 containing

0.1% w/v sodium azide +1% Bovine serum 1%

Tween 20) was added to each tube.
The solid phase was then separated from the remain-
der of the incubation mixture using a separation method

according to U.K. Pat. No. 1,566,098. 2 ml of a sucrose
layering solution (10% w/v aqueous sucrose solution
containing 0.19% w/v sodium azide and 1% v/v Tween
20) was added via a tubular metal probe to the base of
the incubation mixture in each tube to form a discrete
layer below the incubation mixture. The tubes were
then left to stand at room temperature for 20 minutes,
during which time the solid phase sedimented under the
action of gravity from the incubation mixtures, through
the sucrose layer, to the bases of the assay tubes. The
liguid remainder of the incubation mixture and the
upper part of the sucrose layer was removed from each
tube by suction using a suction tube which was slowly
lowered from the top into the assay tube, care being
taken not to disturb the solid phase sediment. After
suction, about 0.5 ml of the sucrose layer remained 1n
the tubes containing all of the precipitated solid phase.
A further 1.5 ml of wash buffer was then added to each
tube and the sucrose separation procedure repeated,
using a further 2 ml of sucrose layering solution. The
radioactive counts bound by the solid phase in each
tube were then counted using a gamma counter.

COMPARATIVE EXAMPLE 2(b)

The AFP IRMA procedure was- repeated as de-

scribed above except that agitation was omitted during
“1ncubation.

COMPARATIVE EXAMPLE 2(c)

The AFP IRMA procedure was repeated as de-
scribed above, omitting agitation during incubation,
except that Percoll, a high density medium, was incor-
porated in the incubate at a concentration just sufficient
to keep the solid phase in suspension. Percoll (Product
No.P1644, supplied by Sigma Chemical Company, St.
Louis, U.S.A.) comprises a colloidal agueous suspen-
sion of silica particles coated with non-dialysable poly-
vinlypyrrolidine of density 1.13040.005 g/ml; conduc-
tivity 1.0 mS/cm; osmolality 20 mOs/kgH20; viscosity
105 cP at 20° C.; pH 8.910.3 at 20° C. and Refractive
Index of 1.354020.0005 at 20° C. Commercial Percoll
suspension was incorporated in the tracer and solid
phase reagents used in this set of assays. The tracer
contained 84% v/v and the solid phase 40% v/v Per-
coll, with the concentrations of the other constituents of
these reagents suitably adjusted to give concentrations
of these constituents in the final incubation mixture as
for previous assays. The Percoll concentration in the
solid phase reagent holds the solid phase in suspension,
assisting in maintaining untform composition of aliquots
taken over an extended period of time. The concentra-
tions of Percoll in the tracer and solid phase reagents
gave a Percoll concentration of about 41.3% in the final
incubation mixture being the concentration required to
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8

maintain the solid phase 1n suspension during incuba-
tion. Addition of 1.5 ml of wash bufter on completion of
incubation diluted the Percoll permitting the Sephacryl
S-300 solid phase to sediment under the action of grav-
ity, during the sucrose layering separation.

The results obtained are given in FIG. 1 in the form
of standard curves of the percentage of total counts
bound (counts per minute) against AFP concentration
(kU1—1) in the standards used. Total counts were deter-
mined by measuring the counts given by a 50 ul aliquot
of tracer alone. In FIG. 1, curve a) 1s the curve for the

results obtained for the normal AFP IRMA, with agita-
tion and without Percoll present during incubation;
curve (b) is the curve obtained without agitation and

without Percoll and curve (c) is the curve obtained for
the modified assay which omitted agitation but included

‘Percoll during incubation. Curves (a) and (c) give the

results as the means of quadruplicate measurements.
Curve (b) gives the results as the means of duplicate
measurements. A comparison of curves (a) and (b) indi-
cates the importance of agitation during incubation
during a normal IRMA. Comparison of curves (a) and
(¢) indicates that the results obtained when Percoll is
used and agitation is omitted are as good as, if not better
than, the results obtained in a normal IRMA using agita-
tton during incubation.

For determination of AFP in samples of unknown

" concentration a 50 ul aliquot of sample is used in place

of the standard and the concentration of AFP deter-
mined by comparison of the result obtained with the
appropriate standard curve.

EXAMPLE 3

A double monoclonal antibody IRMA was investi-
gated for the determination of human Growth Hor-
mone (hGH) in serum which employs a density separa-
tion of a granular particulate solid phase as descrnibed in
British Patent specification No. 1,566,098. The assay
involves a two hour inclusive incubation period includ-
ing both labelied and solid phase monoclonal antibody
together. Hence continuous agitation is required for this
period in order to maintain the solid phase in suspen-
sion. The inclusion of a high density medium into the
incubation mixture removes the need for agitation and
does not affect the assay results. Two experiments were
performed. In comparative Example 3(a) agitation was
employed during incubation. In Example 3(b) no agita-
tion was employed but the density of the assay mixture
was closely controlled using an added high density
medium. |

COMPARATIVE EXAMPLE 3(a)

Thirty-eight patient samples were taken at random
from a routine chinical laboratory intake and were as-
sayed for hGH using the following protocol. Assay
tubes were prepared in duplicate each pair of tubes
containing either 50 Ml of patient sample or an hGH
standard. (The standards used for establishing a stan-
dard curve were 0, 0.3123, 0.625, 1.25, 2.5, 5, 10, 20, 40,
80, 160, 320 and 640 mU hGH/1). The assay tubes each
also contained 100 ul of 125]-labelled monoclonal anti-
body to hGH (ES3) at 40 ng/ml in diluent containing
1% v/v normal mouse serum, and 100 ul of a 10%
(settled v/v) suspension of a monoclonal antibody to
hGH immobilised on a solid phase (ES7-Sephacryl
S-300) in diluent containing 2.5% v/v Tween 20. The
monoclonal antibody-solid phase was prepared by cou-
pling monoclonal antibody at 0.5 mg/ml to solid phase
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according to the standard procedure (Wright, J. F. and
Hunter, W. M.) J. Immunol. Methods (1982) 48 pages
322-325). The diluent consisted of 0.1 M TRIS Hcl pH
8.0 and 29% v/v bovine serum. The contents of the assay

tubes were mixed and agitated upon an orbital shaker .

(300 rpm; 2 cm orbit) for a period of 2 hours at room
temperature, and then separated using two sucrose sep-
arations (see British Patent Specification No. 1,566,098).
The radioactive counts bound by the separated sohd
phase in each assay tube were then counted.

COMPARATIVE EXAMPLE 3(b)

The protocol of Comparative Example 3(a) was fol-
lowed except that 81% v/v Percoll was included in the
1251-]abelled monoclonal antibody solution and 40.5%
v/v Percoll was added to the suspension of immobihsed
monoclonal antibody. After mixing the resulting liquid
mixture had a density approximately equal to the den-
sity of the monoclonal antibody-solid phase with the
result that the solid phase remained in suspension during
incubation at room temperature for two hours without
agitation. |

FIG. 2 shows the standard curves obtained using the
protocol of comparative Example 3(a)—curve (a) and
the protocol of Example 3(b)—curve (b). These results
show little difference between the results despite the
lack of agitation in the protocol of Example 3(b).

FIG. 3 shows a correlation plot of the results of the
assay protocols of Comparative Example 3(a) and Ex-
ample 3(b). The correlation coeffictent is 0.997.

EXAMPLE 4

A double monoclonal antibody IRMA was investi-
gated for the determination of thyroid stimulating hor-
mone (TSH). The experiment was aimed at reducing
the incubation time necessary for a successful assay
result and at showing that density modification removes
the need for agitation during incubation. This was
achieved by replacing the solid phase monoclonal anti-
body with an antibody linked to avidin and a solid phase
carrying biotin. In this way the formation of a ternary
immunocomplex may occur in solution, the complex
being subsequently removed by attachment to the solid
phase through the biotin-avidin interaction.

COMPARATIVE EXAMPLE 4(a)

A standard curve was prepared for the TSH IRMA
using the following protocol. Assay tubes were pre-
pared containing a 100 pul each of a TSH standard in
359% v/v bovine serum in diluent (0, 0.156, 0.625, 2.5,
10, 40 and 160 mU TSH/1 and 100 ul of 12-I-labelled
monoclonal antibody to TSH (323) at 20 ng/ml in dilu-
ent. The tubes were mixed and allowed to stand at room
temperature for two hours. After this time period had
elapsed 100 ul of a 10% (settled v/v) suspension of
monoclonal antibody to TSH immobilised upon solid
phase (42-Sephacryl S-300) in diluent containing 3%

v/v Tween 20 was added. The diluent in each case gg

consisted of 0.1 M TRIS HCI pH 8.0 and 2% v/v bo-
vine serum. The tubes were then agitated for one hour
on an orbital shaker (300 rpm; 1.3 cm orbit). The solid
phase was then separated from the liquid component
using two sucrose separations (see British Patent Speci-
fication No. 1,566,098). The radioactive counts bound
by the separated solid phase in each assay tube were

then counted.
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EXAMPLE 4(b)

A standard curve was prepared for the TSH IRMA
using the following protocol. Assay tubes were pre-
pared containing TSH standard as for Comparative
Example 4(a). To each assay tube was added 100 ul of
125].labelled monoclonal antibody to TSH (323) at 20
ng/ml in diluent, plus monoclonal antibody to TSH (42)
at 2000 ng/ml covalently attached to biotin and 60%
Percoll (v/v) in diluent. The diluent was 0.1 M TRIS
HCI pH 8.0 and 2% v/v bovine serum. The monoclonal
antibody was attached to biotin by reacting 8.60 ug of
monoclonal antibody in 1 ml of 0.1 M Bicine buffer at
pH 7.5 with 90 pg of N-hydroxysuccinimidobiotin
overnight at 4° C. After reaction, unreacted biotin was
removed by an initial separation on a Pharmacia PDIO
column in 0.25M TRIS HCI pH 8.5 and subsequently on
a 20 cm Sephadex G50 SF column in 0.25M TRIS HCI,
pH 8.5. The assay tubes were allowed to stand at room
temperature for 2 hours 40 minutes. After this time
period had elapsed, 100 ul of a 10% (settled v/v) sus-
pension of avidin attached to a Sephacryl S-300 solid
phase in diluent plus 3% (v/v) Tween 20 and 60% v/v
Percoll was added to each tube. Avidin was attached to
Sephacryl S-300 which had been oxidized with 5 mM
periodate, at an initial concentration of 8 mg/ml in 0.1
M NaHCOjat pH 9.0 (Wright, J. F. and Hunter W. M.,
J. Immunol. Methods (1982) 48 pages 311-325). The
tubes were allowed to stand for a further 20 minutes.
The solid phase was then separated from the liqud
component using two sucrose separations (see British
Patent Specification No. 1,566,098). The radioactive
counts bound by the separated solid phase in each assay
tube were then measured.

FIG. 4 shows the standard curve obtained using the
protocol of Comparative Example 4(a)—curve (a) and

‘Example 4(b)—curve (b). The results show that a re-

duction in the solid phase reaction time of an IRMA
binding assay can be achieved using high avidity bind-
ing reagents such as avidin/biotin without a significant
reduction in the sensitivity of the assay.

We claim;:

1. In a heterogeneous binding assay in which a liquid
component and a granular particulate solid phase are
incubated together for a predetermined period of time,
the improvement wherein the density of the liquid com-
ponent is maintained substantially equal to the density
of the granular particulate solid phase by the addition of
a density modifying medium having a density greater
than the density of the granular particulate solid phase
and wherein the density of the liquid component is
reduced upon expiry of the predetermined period of
time to allow the granular particulate solid phase to
separate under the influence of gravity by diluting the
liquid component and density modifying medium mix-
ture with a liquid of lower density than the mixture.

2. A heterogeneous binding assay according to claim
1 wherein the granular particulate solid phase com-
prises an allyl dextran, cross-linked with N,R’-methy-

- lene bisacrylamide and density modifying medium com-

65

prises a colloidal suspension of silica particles coated
with polyvinylpyrrolidine.
3. A heterogenous binding assay according to claim 1
in which said liquid component 1s
a solution containing components of the assay includ-
ing a binding partner to which biotin is covalently

“attached and said particulate solid phase 1s



4,656,143 '
11 12

a granular particulate solid phase to which avidin is granular particulate solid phase thereby allowing
covalently attached, association of avidin and biotin and,

the assay comprising the steps of: separating the granular particulate solid phase from

incubating the solution components of the assay in the solution components. | .

the absence of the granular particulate solid phase, 5 4. A heterogeneous binding assay according to claim
placing the incubated solution components and said 1 which is an immunometric assay.
density modifying medium in contact with the * x x x %
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